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abstract 


'^z.ri.s.iloTts  ct  oTcrvoIt^^*  fbr  oxjrgan  •volutim  from  on*  matal  to  another 
priaarily  result  fron  variations  in  the  energy  ot  the  bond  M-OHo  The  overvo^- 
ag*  decreases  approzlnately  in  a linear  Banner  with  increasing  bond  ensrgye 
This  relationship  la  verified  erperiBsntalljr  for  Ag»  Au,  Od,  0o«  CU;  Pa>  Hi, 

Pb,  Pd,  Ptp  for  electrolyala  in  1 N potassiua  hydroxide  at  1 aBp*eBo  ; the  ex- 
PnJfiBisntal  data  are  these  reported  by  Hickling  and  Hillo  Bond  anergiaa  for 
M-OH  are  calculated  by  three  different  theraodynaiiii o cycles  involving,  respec- 
tively, the  atandard  heat  eontsnta  of  the  hydroxide,  the  oxide,  and  apeotroacopic 
data  for  Biolsoulea  MOo  Variations  of  the  energy  of  the  bond  M-OH, aa  the  elec- 
trode is  oxidised  to  a higher  valnioe,  also  account  for  sudden  breaks  in  plots 
of  overvoltage  against  logarithm  of  currant  dwisityo  Finally,  there  is  essen- 
tially no  correlation  between  the  oxygen  overvoltage  for  different  metals  and 
the  corresponding  work  functions  provided  that  the  transfer  coefficient  for  the 
metals  being  compared  is  the  sam*o 


It  is  well  known  from  experimental  studies  that  the  nature  of  electrode 
material  has  a profound  influenos  on  the  kinetics  of  electrode  procosses.  The 
interpretation  of  this  effect  is  difficult  except  for  relatively  aimpl*  reactions 
such  as  the  discharge  of  hydrogen  or  hydroxyl  ionso  The  former  reaction  was 
studied  in  a previous  report  , and  it  was  shown  on  a theoretical  basis  that  the 
overvoltage  for  hydrogen  ion  discharge  varies  from  one  metal  to  another  prima- 
rily because  of  variations  in  the  heat  of  adsorption  of  atomic  hydrog«ic  An 

^ Por*;doctoral  fellow 

^ Po  Ruetaehi  and  P.  Delthcy,  Tech.  Rep.  to  OoNoRo,  No  1?  (1954)« 
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interprotation  of  the  affact  of  alactroda  matarial  ia  givan  in  this  raport  for 
tha  al  aotroljrti o produotion  of  osjrgan  in  alkalina  aquaoua  aolution*  Unfortu- 
nat^ilvy  tha  expariaeotal  atudy  and  tha  quantitetlva  intarpratation  of  oxjrgtai 
ovai'voltiaga  ara  far  laaa  advanoad  than  for  hydrogan  ovarvoltag^»  but  auffl- 
ciant  azparlmaital  data  ara  availabla^  to  taat  an  ascplanation  of  tha  affaot 
of  alactroda  aatarialo 


INITIAL  AND  PIN.\L  5?TATES  FOR  HYDROXYL  ION  DI3CHAR0B 


Va  ahall  aaauma  that  tha  diacharga  of  hydroxyl  ions  oan  ba  raprasantad 
by  tha  raaotion 

n + (1) 


which  is  follow4d  by  a procaas  yielding  nolacular  oxygano  Tha  natura  of  this 

procaas  is  innatarial  if  ona  assumaa  that  raaction  (l)  is  rata  datarrainingo 

This  is  undoubtedly  the  case  whan  tha  overvoltage  axoaeds  say  Od  - 0o2  voltj, 

ioSo  whan  tha  affect  of  tha  backward  alactroda  reaction  oan  be  neglactado  As 

2 

for  hydrogan  ion  discharge  , tha  ovarvolteiga  for  the  evolution  of  oxygan  can 
ba  written  in  the  fom  (note  changes  in  si^) 


A.  t i-  — (i — ) u/  _ e (2) 

/ oC  F f <KXF  { c^aJ  Jo 

where  is  the  transfer  coefficient  for  the  discharge  process;  ^ tha 
number  of  hydroxyl  ions  which  are  discharged  whan  the  rate  determining  reac- 
tion occurs  once^;  A H the  energy  of  activation  for  the  discharge  process; 

difference  of  potential  across  the  diffuse  part  of  the  Stern  double 


5 Pbr  a survey,  see  Ao  Hickling,  Quarto  Rev,,  J,  95  (i94y)o 
^ Ao  Hickling  and  S,  Hill,  Discussions  Faraday  Soco,  1,  2^6  (1947 )o 

5 A for  hydrogen  overvoltage  when  the  discharge  of  hydrogwi  ion  is  tha 
slow  step. 
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unit  actlTitjr  of  OH  ions;  • tho  diffomoa  of  potantial  fro*,  alao- 
trod*  to^^tar  Halaholtz  layar  at  tba  standard  roTarslbla  potantial  for  hydro- 
xyl ion  dlsoharga;  and  ? rapraasnts  a group  of  tarasa*  whona  axpliclt  fora 
is  not  naadad  haraf  and  which  oan  ba  ragardau  as  indapondant  of  alaotroda  mate- 
rial. The  quantity  J includaa  tha  entropy  of  activation  for  the  discnarga 
proeaasy  which  will  ba  asaumad  to  ba  indapandant  of  alaotroda  matarial.  Tha 
aquation  (2)  la  given  by  Kortum  and  Bockria^  for  hydrogen  ovar— 
voltaga.  Tha  tarns  ^ H g and  X iu  aquation  (2)  could  possibly  dapand 

on  tha  alaotroda  matarial*  while  a^*  which  Inoludas  tha  work  function!  of  tha 
alaotroda,  dafinitaly  dapanda  on  tha  nature  of  th»  electrode. 

Tha  interpretation:  of  tha  affect  of  alaotroda  material  requires  thus  tha 
calculation:  of  tha  energy  of  activation  A H « This  energy  oculd  in  principle 
ba  dacluoad  from  variatioRB  of  energy  along  tha  raciotion  ooordinata.  Such  a 
method  was  applied  by  various  authors^'  ^ in  the  case  of  hydrogen  ion  dis- 
charge. Unfortunately,  spactrosoopic  and  other  dsta  naadad  in  such  calcula- 
tions are  not  available  for  tha  discharge  of  hydroxyl  ion,  but  usaftil  informa- 
tion about  factors  influencing  tha  energy  of  activation  oan  ba  obtained  by 
considering  simply  tha  initial  and  final  states. 

The  initial  state  oorrasponds  to  one  equivalent  of  hydroxyl  ioua  lu  SClU" 
ticn  and  tha  metal  M from  which  one  equivalent  of  electrons  has  been  removed. 
Tha  Value  of  is  obtained  from  tha  following  cycle 

1/2  Hg  + 1/2  Og  > OH  (1  atm.  ) 

OH  (1  atm.)  + a ^ OH"^  (gas) 

0e“  (gas) > 0h‘  (aq.  ) 

oh”  (aq.  ) > or"  (double  layer) 

M(a)  > M a 

^ 0.  Kortum  and  J.O'M.  Bookris,  Textbook  of  KLactrochamistry,  vol.ZI,  Po4^ 

aq.  80;  note  that  a^  was  dropped  inadvar;bantly  by  tha  authors. 

^ Sea  references  in  N.iC.  Adam,  The  Physics  and  Oheplstry  of  Surfaces,  Jrd  Kd.j, 
Oxford  University  Press,  iy4l,  ^^Iff. 
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Th«  energy  oorreaponding  to  tha  transfer  of  hydroxyl  ions  fron  solution 
to  the  double  layer  will  be  eesuned  to  be  negligible.  This  hypothesis  is  Jus- 
tified as  Was  shown  by  Fersons  and  Bookris^  for  the  discharge  of  hydrogen  ions. 
The  sisetron  affinity  the  heat  of  hydration  or  hydroxyl  isii  are  known^  but 
the  sun  of  these  two  quantities  can  be  calculated  from  the  following  cycle 


where  wild  L are  the  electron  affinity  and  the  heat  of  hydration  of  hydroxyl 
ion,  respectively,  and  the  numerical  data  are  the  changes  in  heat  content^. 

The  hydratlm  mergy  of  hydrogen  ion,  —265  Iccal.,  is  the  average  of  two  re- 
ported values,  -250  icoal.^°  and  -276  kcal.^^ 

0am  deduces  from  this  cycle  that  E^ L = -I68.7  kcal.,  and  the  heat 
contents  for  the  initial  state  is  thus  (in  kcal.  ) 

<5> 

wh.r.  is  ths  slsoirooic  work  funetion  of  iI)o  oloctrod. 

f If 

o 

As  was  pointed  out  in  a similar  calculation  for  hydrogen  ion  , the  surface 


” R.  Parsons  and  J.O'M.  Bookris,  Trans.  Paraday  Soc.,  Aj,  9l4  (1951  )• 

9 Taken  from  Selected  Values  of  Qhenical  Thermodynamic  Propertiea,  Series  1, 
National  Bureau  of  Standards,  1949. 

WoMo  Latisar-  K.S.  Pitzer,  and  O.M.  Slansky,  J..  Ohma.  Phya.,  2.»  (1959) o 

J.D.  Bernal  and  R.H.  Pbwler,  ibid.,  1,  5I5 
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potoatlal  la  naglaotad  in  the  writing  of  aquation  Thia  aiuplifioation 

introduoaa  an  error  in  the  oalculatica  of  ^ /4  for  reaction  (1)»  fcut  the 
aaqutnoe  of  overvoltage  values  la  not  nodifiad  if  the  surface  potential  is 
cssaatially  the  aave  for  all  aetala*  It  will  be  aasuaad  that  this  ia  the 

caae. 

nie  final  atate  ia  defined  aa  one  equivalent  of  OH  radicals  bound  to 
metal  M.  The  corresponding  heat  contento  ia  derived  from  the  cycle 

1/2  H2  i-  1/2  ©2  (1  atm.  ) > OB  (1  atm.  ) 

OH  (1  atm.  ) + K > M-OH 

M-<W  + H2O  > H2O  - M “ OH 

Tfaua 

s R - D(M-<»)  7.0.06  (4) 

where  Hf  ia  in  kcal.»  R la  the  energy  of  interaction  between  M-OH  and  water* 
0(M-OB)  ia  the  energy  of  the  bond  )f-CH*  and  10.06  kcal.  ia  the  hea^  of  forma- 
tion of  the  hydroxyl  radical*  The  interaction  energy  R ia  not  known*  and  we 
shall  aastmis  that  it  is  indepandent  of  the  electrode  materials  Thia  may  be 
a rather  coarae  approximation. 

OALOULATim  OP  THK  BfEROY  OP  THB  K-<»i  BOHD 

The  comparison  of  overvoltage  values  for  different  metals*  ioe.  the 
cMipariaon  of  the  corresponding  AA/  requires  values  of  the  bond  energy 
D(M-OH)  appearing  in  equation  (4).  Those  energies  are  not  known*  but  appro- 
xlmate  valuea  can  be  obtained  by  the  following  three  methods. 

Pirst  Method. 

Prom  the  following  cycle 
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Por  references  pertaining  to  surface  potentials*  see  rsf.2 
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-j-  H2  + ^ ©2  f y M > My  (OH)^ 

> y H (cry*t.  ) •(>  z OH 

xOH » ^H2  + 1-02 

» 

onA  dcduoMt  by  «zpr«flsin£  th«t  ^ H O p th«  bond  onorgy  (in  koal*) 

X>(h—OH^  = IO,oC  - (5) 

o 

whara  10.06  la  tha  anargy  of  formation  of  tha  hydroxyl  radloal.  and  A H lu 
tha  atandard  anargy  of  formation  of  tha  hydrozida. 

jjaaond  Mathod 

Tha  cyola  ia 

xH2+  z02  + yM  (cry  at.  ) > My  Ojj  t x H2O  (gaa) 

My  Ojj  + X H2O  (gaa) > My  (0H)2x  ) 

^ (0H)2jj  (oryat.  ) yy  M (cryot.  ) f 2x  OH 

y M (oryat.)  -I-  2z  OH  (gaa) >y  M (cryat. ) + x H2  s O2 

and  tha  raaulting  bond  anargy  ia  (in  koal.) 

^ y \ H^o  / 

ou  ilia  asBUBiption  that  tha  haat  of  hydration  of  tha  oxida  can  ba  naglaotado 
This  ia  a raaaonabla  almpllfylng  aaaumptlonp  and  tha  bond  anargy  ia 

(7) 

Third  Mattjod 

Tha  bond  anargy  D(M-OH)  ia  oalculatad  from  apeotroaoopio  data  for  tha 
diaaooiation  of  tha  diatomio  aolaoula  M-0.  Tha  following  cyclsy  in  which 
all  tha  apaoiaa  ara  in  tha  gaaaous  fonip  ia  uaad 
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ID  -f  B2O > N (08)2 

M 103)2 > II  2 se 

II  2 OH > M 0 -I-  H OB 

K O ^ H -h  OB ^HD  + BgO 

Til*  oorr*apoadin£  bond  D{li-OH)  ia  (in  ksal-) 


if  one  naglaota  tha  haat  of  bjdration  of  tho  ojddo  (so#  oooand  motbod). 
Ona  haa  (in  kcal«) 


D (H-OH)  =:  52.09  + 10.06  + 57.80 
D (0-H)  = 52.09  -h  59.16  - 10,06 

where  52.09  is  one-half  of  the  heat  of  disaociation  of  H2  » 10.o6  the  energy 

of  foroation  of  the  hydroiyl  radical.  57.flDthe  standard  energy  of  formation 
of  water,  and  ^9ol6  the  standard  energy  of  fors^^'irr.  -f  hydroxyl  ion.  Thus 

The  Value  of  D(1I-0F)  for  silver  cannot  be  calculated  \rither  by  tho 
first  method  because  the  heat  of  formation  of  the  hydroxide  is  not  known, 
nor  by  tha  saoond  method  because  rXlver  atoms  are  associated  in  the  oxides 
(Ag2^  . Ag202)‘’  third  method  was  Uiodified.  and  the  following  cycle  was 

used 

M 2 OH > MOH  + OH 

MOH  +•  OH >M0  +•  HgO 

where  all  the  species  are  in  the  gaseous  form. 

Bond  energies  calculated  by  the  above  three  methods  are  listed  ivi 

p 

Table  I.  Thermodynamic  data  were  taken  from  the  Bureau  of  Standards  Tables  . 
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and  apaotroanopio  data  ara  fron  Harsbarg^^  and  Oay-irn^^o  It  la  to  ba  notad 
that  tha  bond  anargjr  may  va’'y  markadly  with  tha  oxidation  nianbaro  Thua 
D(M-<Hi)  caloulatad  by  tha  firat  mathcd  ia  kcal.  for  N1(0H)2  and  64ol 

koalo  for  Ni(OH)^o  Llkawlaap  ona  caloulataa  by  tha  aaocnd  aathod  valuaa  of 
D(M“0K)  of  66a2  kealop  62o0  kcalop  and  kcalo  from  Pb  0 p Pbj  0^  p 

and  Fb  O2  p raapaotivalyo  Qanarallyp  tha  highar  la  tha  oxidation  numbarp 
tha  lowar  tha  bond  wiargyo 

OVKRVOLTAQB  VERSUS  EWmoy  OP  TKE  BWID  D(M“0R) 

If  ona  aaaumaa  that  c><  X ia  tha  aama  for  two  matala  I and  2p  tha  dif- 
faranca  in  ovarvoltaga  for  idantlcai  conditiona  of  alaotrolyaia  is  in  vl«w 
of  aquation  (2) 

= - [h - (%)]  ao) 

Tha  quantity  / (a„),  “ (•„),  ! (10}  ia  aqusl  to  tha  diffaranca  of 

th«  work  functione  0y,)2  ~ Tha  tarn  in  f Z)  “ 4H2  ) in  (10) 

also  containa  tha  diffaranca  ” ^^^2  (■•*  aquation  (5))p  but  tha  dif- 

farmca  batwaan  tha  work  funotiona  ahould  ba  multiplied  by  tha  product  X 
in  view  of  tha  definition  of  tha  tranafa?  coefficient  o As  a results 
tha  diffamoa  batwaan  tha  in  (10)  eancalsp  and  the  differanes  in 

ovarvoltaga  for  two  metals  ie  independent  of  tha  differansa  between  the  work 
funotiona  of  these  natal"?  Thin  conclusion  is  valid  provided  that  tha  macha= 
nism  of  tha  alcotroda  reaction  is  tha  soma  for  matels  1 and  2 and  that  tha 
transfer  coaffioiant  is  also  tha  same  for  tha  two  matalso  Howavarp  a small 

Qo  Harzbargp  Molecular  Spectra  and  Mblaeular  Struotursp  Van  Nostrandp 

New  Yorkp  2nd  Edop  195Co 

AoQo  Oaydonp  Dissociation  MafKiesp  Chapman  and  Kallp  Londonp  1955» 
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diffcrvic*  bctwcm  bh«  0^,  would  be  unimpor^iinto 

Ac  difference  between  the  energies  of  aotlTation  in  aquation  (10) 
deps'.da  on  the  difference  between  the  bond  wiargiea  D(M-OH)  and  the  inter- 
action energies  between  ii°0H  and  water  (aoe  aquation  (4))o  As  D(M-OH)  in- 
creaaesy  the  energjr  of  aotiwation  deereaeea  and  the  Morse  ourwa  for  the 
energy  O(M-OH)  beooncs  ateepero  furtbemorep  the  distance  between  the  ini- 
tial and  final  states  along  the  reaction  coordinate  varies  frm  one  aatal 
to  anothero  Nines  the  Moras  curves  cannot  be  calculated  with  the  data  now 
available,no  detailed  analysia  sisilar  to  the  one  made  for  hydrogen  ion^ 
can  be  made^^o  Howeverg  the  combination  of  these  effect  is  such  that  the 
very  approximate  relationship 

boldso  This  can  be  seen  from  the  plot  of  overvoltage  against  D(M-<H1)  In 
Pigolo  Overvoltage  values  were  taken  from  the  paper  of  Hiekling  and  Hill\ 
end  bond  energies  are  from  Table  lo  Values  of  D(M-OH)  calculated  by  the 
above  three  methods  are  indicated  for  some  metals  to  show  the  uncertainty  on 
the  energy  data*  As  lowest  values  of  bond  energiesp  which  often  corres- 
ponds to  the  highest  oxidation  ntimber  of  the  metalp  are  genorplly  to  be  prs- 
fsrsd.  Aie  is  beoauss  oxygen  is  evolved  at  very  positive  potentials  (about 
1 to  lo^  volts  vso  NoHoEo)  at  the  current  density  of  1 ampocmo^  corresponding 
to  tbs  data  of  Pigolo  At  such  high  pH"  s (1  N potaasiimi  hydroxide).,  the 
metals  of  Plgol  are  generally  in  thair  highest  oxidation  atatso 

As  seni-empirioal  method  of  JoOo  Hlrschfoldor,  (Jo  Ohemo  Aysop  9p  64^ 
(1941))  could  be  applisdp  but  the  resulting  analysis  doss  not  go  beyond 
the  above  approacho  Hirschfsldsr s method  was  applied  to  hydrogen  rscom- 
bir.atlon  at  alsotrodes  by  Koko  Shuler  and  KoJo  Laidlsr  (jo  Ohamo  Aysop 
17 0 1212  (1949))  end  to  hydrogen  ton  disoiinrgs  by  Ro  Parsons  (Zo  Blak- 
troohemop  ^p  111  (1951 ))» 
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Some  Taluea  of  the  bond  «ierglea  haT#  not  been  plotted  in  Plg.l  for 
the  following  reaaonao  The  bond  anergjr  of  71^6  ksalo  for  Fb  obtained  by  the 
first  method  waa  not  used  becauae  thia  datum  eorraaponda  to  Pb(ll)  while 
lead  ia  undoubtedly  in  the atate  ai  the  potmitiala  corresponding  ~to  Fig;lo 
The  valuea  of  kcalo  for  Pt  and  6Aol  kcal*  for  Ni  were  not  plotted  for 

the  same  reaaorto  The  values  of  D(M-OH)  obtained  for  iron  by  the  first  two 
methods  were  not  used  because  they  are  higher  than  the  value  deduced  from  the 
third  methodo  Pinallyc  the  value  of  5^o4  for  cadmium  waa  plotted  because  the 
Values  calculated  by  the  first  two  methods  are  probably  too  high  (by  perhaps 
20  koala ). 

Deapite  the  uncertainty  on  the  bond  energies,)  the  foregoing  considera- 
tiona  ahow  that  differancea  in  the  energy  of  the  bond  M-OH  eaaentially  aooount 
for  variationa  of  oxygan  overvoltage  from  one  metal  to  another  under  givaP 
condl tiona  of  eleotrolyaiao 

In  view  of  equations  (lO)  and  (11)  the  slope  of  the  overvoltage  vera''". 
bond  energy  line  should  be  -1  /®<  X P o Pigol  yields  the  value  0oP6 

This  is  of  courae  only  a very  approximate  valuep  but  it,  agreea  well  with  the 
experimental  values  of  IcO  one  deduoes  from  experimental  plots  of  overvoltage 
Tarsus  logarithm  of  current  densityo  The  latter  plots  yield  straight  linos 
provided  that  X does  not  vary  with  current  density  and  that  there  is  no 
ohange  in  the  moohanlw  of  the  eleotrode  prooess  as  the  current  ia  variedo 

The  slope  of  thia  lire  ia  b » 2o5  RT  ©f  b = O0O59  at  25®  if 

decimal  logarithms  are  uaedc  The  experimental  tlope*  for  Oop  Pep  and  Ou  are 
virtually  O0O59  at  1 ampoomT^p  and  oonsequently  ^ is  very  close  to  unioyp 

whioh  ia  preolaely  the  value  deduced  from  Pigolo  The  slopes  b for  Agp  Nip 

and  Pd  at  1 ampocmr^  are  O0I5  p O0I5  and  Coljp  raopootivoly  (Pigo2)o  The 
oorr eaponding  overvoltaigea  for  a slope  of  b * O0C59  would  bo  a few  tenths  of 
a volt  lower;  but  thia  hardly  ohangas  the  general  trend  of  Pigolo  These 


IX 


ohsngaa  in  slop*  probably  reault  fron  tha  oxidation  of  tha  alactroda  to  a 
highar  Talanoa  aa  will  ba  shown  balowe 

BNBROY  OP  THE  BOSD  M-OH  AMD  AHOKAUBS  IN  OVBRV01.TAOK 
VERSUS  LOa  1 PLOTS 

The  dapsnd«ioa  of  tha  ovarwoltaga  on  tha  anargy  of  tha  bond  M-<Xi  alao 
azplalna  anoBaliaa  obsarvad  in  plots  of  ovarvoltaga  against  logarithm  of 

A 

curr«|it  dmaltjr.  Pig«2e  which  wat*  oonatruotad  from  data  of  Hiokling  and  Hill  « 
ahowa  auoh  anomaliaa  for  silvar^  palladiuBj,  and  gold.  Tha  va*  log  i plots 
ara  oompsaad  of  aararal  linaar  sagmenta  with  auddan  Tariationa  of  ovarroltaga* 
Tha  alopa  of  thasa  aagmenta  may  ba  tha  same  (Au)  or  it  may  vary  (Ag»  W)# 

For  aoma  matala  such  aa  cobalt  tha  plot  of  va.  log  i yialda  a straight 
lina  ovar  a wida  rang#  of  currant  danaitiaso 

Thaaa  auddan  variations  in  ovarvoltaga  probably  result  from  variationa 
of  tha  anargy  of  tha  bond  aa  tha  alaotroda  is  oxidizad  to  a highar  valwioa. 

This  viaw  la  strongly  sup*  ortad  by  tha  fact  that  tha  auddan  incraaaas  in  ovar- 
voltaga  occur  in  tha  iwadlata  vicinity  of  tha  aquilibriiaa  potentials  for  dif- 
ferent oxidation  states  of  tha  alaotroda.  This  is  shown  in  Fig. 2 for  palls- 
dlvim  and  gold^^.  In  tha  oaao  of  silver  a change  in  maohaniam  is  primarily 

obsarvad  euid  A varies  from  2 to  1.  No  break  is  obaarvad  in  tha  'h  vs. 

plot/  ' 

log  i'  for  cobalt  baoausa  this  metal  is  In  his  highest  oxidation  state  at  the 

pot antiale  of  Fig* 2. 


Equilihriiui  potentials  taken  from  W.M.  Latimar9  The  Oxidation  Stataa  of 
the  Blaiaenta  and  thsir  Potentials  in  Aqueoua  Solutlonap  2nd  Bd.  - Prentice- 
Hall*  New  York*  1952*  and  Oharlot*  Th^rie  ec  Methoda  Nouveli  e"d ’ ftna  ’ 


lyse  Qualitativa.  Jrd  Ed.*  Masson*  Paris*  1949. 
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CnHCIiiSlOM 

Tarlationa  of  oTorToltago  fron  ono  M«tal  to  anothor  vmdar  givan 

conditions  of  olootrolysia  in  aquaous  alkalino  aolution  prinaril/  roault  froa 
Tirriations  of  the  onargy  of  tho  bond  M-OH«  Variationa  in  this  bond  morgy  aa 
the  alaotroda  ia  ozidizad  to  a higher  Talanca  account  for  breaks  obsarrad  in 
plots  of  oTarvoltaga  against  tha  logaritha  of  current  danaity. 

AOKHOWLmONBNT 
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TJLBLK  I 

BOND  ERBROIBS  AND  PBRTAHTINQ  DATA 


lat  method 

2nd 

method 

r 

Method 

Matal 

H°C) 

z 

D(M-OH) 

H°(**) 

z 

D(M-0H) 

D(***)  z 

O(lt-OH) 

Ag 

4l. 

5 1 

60 

Au 

100.0 

5 

45.4 

-9.65 

5 

55.8 

- 

- 

- 

Od 

155.5 

2 

76.8 

60.8 

2 

69.4 

86 

2 

55 

Oo 

176.6 

5 

69.0 

68.0 

8/5 

64.5 

- 

- 

- 

Ou 

106.1 

2 

65.2 

57ol 

2 

57.5 

115 

2 

66 

Pa 

197.0 

5 

75.7 

65.7 

5 

71.8 

110 

2 

65 

Ni 

162.1 

5 

64.1 

58.4 

4 

55.8 

100 

2 

59 

Fb 

125.0 

2 

71.6 

660I 

4 

55.5 

99 

2 

59 

Pd 

169.4 

4 

52o4 

20.4 

2 

49o2 

«a 

- 

«a 

Pt 

87.2 

2 

55.7 

15.6 

8/5 

44.1 

■ 

(•)  Nagatlv*  h«at  of  formation  of  tha  hydros^*  of  valanca  x in  koal*/mol. 
at  296.1®  . 

t 

(**)  Nagatlva  haat  of  formation  of  tha  ox#da  of  valance  x in  koal./mol. 
at  296.1°. 

(••♦)  Spactroaoopic  haata  of  diaaociatlon^  of  MH)  in  koalo/mol. 


LIST  OP  PIOURXS 


Ozyg«n  oTcrvoltiig*  against  viargy  of  tha  bond  M-OH.  Blaotrolyais 
at  in  1 N potassluB  hydroxida  and  at  1 anp*aau 

Ovarvoltaga  against  dacimal  logaritba  of  curr^it  dsnsity.  Bxpari- 

h 

mantal  data  tak«i  from  Hiolcling  and  Hill  • 


BOND  ENERGY  (KCAL) 


OXYGEN  OVERVOLTAGE  (VOLTS) 


RG.2 
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